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Sir: 

I, Yurika Yagi, a citizen of Japan, do hereby 
declare and say that: 

1 . I have been employed by Asahi Kasei 
Chemicals Co., Ltd* from 1999, where I have been engaged 
in Ceolus Research and Development Department of 
Functional Additives Division of said company; 

2. I have read and sufficiently understood the 
Official Action with the mailing date of June 1, 2009; 
and 

3. In order to demonstrate differences 
between the present invention and US 4,483,743, the 
following experiments were conducted. 



Experimental Results 



1 . Experimenter 

Yurika Yagi 

2 . Date of experiments 

From January 19 to 23 , 2009. 

3 . Place of experiments 

Laboratory of Ceolus Research and 
Development Department of Functional Additives Division 
of Asahi Kasei Chemicals Co., Ltd., Kawashima Cho 834, 
Nobeoka-city , Miyazaki , Japan (T 882-0017) . 

4 . Contents and results of experiments 

1 ) Raw material 

Commercially available wood pulp (Leyalpha F from 
Rayonier Corp., average degree of polymer ization=l , 821 , 
a-cellulose content=77% by weight) 

2 ) Experimental procedures 

(1) The commercially available pulp was cut into 6 x 12 
mm rectangles . 

(2) The pulp cut was dipped into a sufficient amount of 
water. Thereafter, the pulp was withdrawn from the 
water, and the water was swished off in a sieve. 

(3) The water-containing pulp cut was passed through a 
cutter mill ("Comitrol" Model 1700, manufactured by 
URSCHEL LABORATORIES, Inc., microcut head/blade 
distance: 2.029 mm, impeller rotation speed: 9,000 rpm) . 

(4) The cutter mill-treated product and water were 
weighed out so as to give a fiber content of 2% by 
weight, and the mixture was agitated until no 



entanglement between fibers was observed. 

(5) The aqueous dispersion thus obtained was treated 
with a whetstone-rotation type pulverizer 
("Cerendipiter" Model MKCA6-3, manufactured by Masukou 
Sangyo, Co., Ltd.; grinder: MKE6-46, grinder rotation 
speed: 1,800 rpm) . The number of the treatments was 
four. The grinder clearance was changed to 200 — > 60 -» 
40 -> 40 pm, respectively. 

(6) The aqueous dispersion thus obtained was passed 
eleven times through a high pressure homogenizer (Gaulin 
Model 15MR-8TA, manufactured by APV Corp. , treatment 
pressure: 55 MPa) . 

3) Result 

The aqueous dispersion thus obtained was diluted with 
water to make the concentration 0.1% by weight. Then, 
according to the method described at the present 
specification, the content of "component stably 
dispersible in water 1 ' was measured and the value 
measured was 15% by weight. 
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I hereby declare further that all statements 
made herein of his own knowledge are true and that all 
statements made on information and belief are believed 
to be true; and further that these statements were made 
with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or 
both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may 
jeopardize the validity of the application or any patent 
issuing thereon. 

Signed this day of , 2009. 



Yurika Yagi 
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MICROCRYSTALLINE CELLULOSE 



The oldest polymer finds new industrial uses 



\ 
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From the day that the term "hydroceliulose" was first 
coined in 1875 until the present, treatment of cellulose 
with acids has been considered the wrong direction to go. 
By going in this direction (and making a fortunate detour) 
we have been rewarded with a view of an entirely new 
area of cellulose chemistry. 

Uses of cellulose have always depended upon — and 
been largely limited by—its fibrous nature. In this new 
area, cellulose is a colloid, with all of the implied possibilities. 
Industrial uses are promising for: 

— Flour. Nonfibrous, free flowing, absorbent, with 
extremely high surface area 

— Compacted pellets. Hard, heat resistant, absorbent, 
inert 

— Structural materials. Hard, insulating materials, resist- 
ant even to an oxyacetylene torch 

— Gels and creams. Smooth, opaque, stable, fat-like but 
noncaloric 

— Cellulose derivatives. Produced with greater ease 
and economy, and in new colloidal form 

Production of the flour form is the basic step in manufacture 
of these types of microcrystalline cellulose. Severe acid 
hydrolysis removes the hinges of amorphous cellulose which 
link the naturally occurring microcrystals, yielding cellulose 
at the so-called "level-off degree of polymerization" or 
"D.P. cellulose." The microcrystals are freed from their 
fibrous, packed structure by mechanical shearing, performed 
in a water slurry. This is the novel step which determines 
the unique character of this cellulose. Drying then produces 
a flour of colloidal size. 

The flour can be redispersed with water to form thick gels 
or thinner creams. It can be compacted into tablets or to 
large structural sheets. An entirely different, denser struc- 
tural sheet results when a thick gel is dried. 
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MICROCRYSTALS OF CELLULOSE ARE 
BUILDING-BLOCKS 

D.P. microcrystalline cellulose is capable of forming 
architectural patterns entirely different from any 
previously known structure. 

In natural cellulose the microcrystals are packed 
tightly in the fiber direction in a compact structure re- 
sembling bundles of wooden matchsdcks placed side- by- 
side (A, above). Unhinging the interconnecting chains 
by acid treatment does not destroy this structure (B). 
However, the unhinged crystals are now free to be 
dispersed by mechanical disintegration. Figure C 
catches the microcrystals in the moment of peeling 
off the fiber. Properties of the dispersion which forms 
depend on how effectively they are dislodged. 




D 



An entirely new fine structure pattern appears after 
spray-drying (D). The microcrystals are rehydrogen 
bonded together, and a spongy, porous, random fine 
structure partly replaces the highly ordered pattern. 
Method of drying, initial degree of disintegration, and 
drying process variables all play a part in developing 
the inner structure of microcrystalline cellulose flour. 
At present, only about 20% of the unhinged micro- 
crystals are peeled off the fiber fragments (electron 
micrographs at 25,000 X magnification.) 
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THESE GELS WERE DISCOVERED WHEN AN 
EXPERIMENT FAILED 

Several years ago we wanted to try out an idea 
nucleating viscose spinning soluuons with any, perfect^ 
unhinged microcrystals of cellulose We : hoped to 
1 control the size, perfection, and d.stnbuuon o ^ he 
crystalline and amorphous regions in the 
cellulose structure. To produce reasonable amounts 
of these particles, we decided to disintegrate me- 
chanically a concentrated water mixture of D£ 
ceSoSleft, above) prepared from W 
tire cord. We thought that the ^^ ^TZ 
Blendor would sliver off very small_ fragments o t 
agglomerated microcrystals in the D.P. cellulose. It was 
expecTed that these microcrystalline fragments would 
settle out of the water. 

When 5T. cellulose was placed in water at approxi- 
maTely 5% solids, it settled out rapidly. ' ed 

was trea ed in a Waring Blendor at h>gh speed 
Tmo eXn 15 minutes, the stable colloidal dispersion 
Thown was obtained. The gel was opaque, snow-whtte, 
and had smooth, fatlike spreading P^" 1 ". avenue> 

We immediately set out to explore this new avenu 
by developing uses for colloidal dispersions of rmcro 
cLalline celluloses, known commercially as Avicel (4, 7) . 



DISPERSIONS OF MICROCRYSTALLINE 

cellulose ARE UNIQUE 

Pulverized fibrous cellulose, which has not been 
untoged with acid, does not produce a stable disper- 
sion Nor do cellulosic gums resemble the new micro- 
crystalline dispersions. 

We are dealing with colloidal phenomena related 
largely to particle size-chemical composition plays a 
Sary par, The microcrystalline aggregates «jj 
in diameter from 150 to 300 A. up to abot i 5 ^ . 
and are rodlike or lamellar in shape. UnUk , tta eel 
fulosic gums, the ultimate unit never approaches molec- 
ular dimensions (even when diluted). 

Colloidal microcrystalline dispersions share this size 
range with bentonite clays and colloidal alumna d«- 
persions-and exhibit many similar properties. It is 
especiSly interesting that butter is a stable dispersion 
n water of fat globules of about the same dimensions. 
Thirties of butter, such as 
are related to size and size distribution of the fa gtobutes. 
"me microcrystalline cellulose gels have similarly sized 
particles and similar functional properties. 

Fats and oils in many systems can now be replaced 
without significant change in appearance, consistency 
flow properties, or spreadability. 



ctural Model Was Developed to Explain What Happened in the Blender 



(lilhse m lecules form microcrystals, held together by hydrogen bonding 
1 hhous or disordered areas; one molecule will go through several crystalline areas 



e [ j iinoeS is fairly constant for any particular material, depending on its history 
t! < viously been shown as chains of linked crystals, 
'nV p ro P ose structure, with micro- 

bials packed side-by-side like matchsticks, joined 
\r amorphous hinges. Fiber direction is shown by 
jke arrows 



The individual microcrystals are linked by 
Length of the microcrystals and of 
The characteristic microfibrils have 





Initially, acid attacks cellulose rapidly. 
Mild hydrolysis breaks some of the 
hinges, and recrystallized areas ap? 
pear. Severe acid hydrolysis breaks 
all of the molecular hinges and re- 
duces the fiber to isolated crystallites 



Reaction rale levels off at this stage. 
The microcrystals are fairly equal in 
size, expressed by the "level-ojf degree 
of polymerization," or "D.P." 
Though unhinged, the microcrystals 
retain their orientation in the fiber 




One further step is required to produce colloidal 
cellulose. Mechanical agitation in a water slurry 
frees a fraction of the unhinged crystals. With 
present methods about 20% can be released. 
Since all of the microcrystals are unhinged, the 
fraction can be increased by improvement in mechan- 
ical techniques only 
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Properties of microcrystalline cellulose can be controlled to fit end use 



The unique properties of microcrystalline cellulose stem 
from its unique particle size and particle size distribution 
{see table). It is well known that reduction of almost any 
substance to a narrow colloidal size range can result in 
drastic changes in functional properties. It is important to 
note that by using the appropriate mechanical disentegra- 
Hon procedure, particle size and size distribution can be 
controlled. Functional, properties can therefore be con- 
trolled over a wide spectrum. 

Because the process for making D. P. microcrystalline 
cellulose breaks the molecular hinges, it results in homogen- 
ization of chain length (see figure). Avicel with the jnarrow 
molecular weight distribution shown was made from the 
alpha cellulose sample. . (Molecular weight is 163 times 
the D. P.) 

To avoid confusion, these definitions should be kept in mind: 
~ .evel-off D. P. (or D. P.) cellulose is the product resulting 
from, or equivalent to, the hydrolysis of purified cellulose . 
after 15 minutes in 25N HCI at 105 ± 1° C D. P. varies 
from about 375 for bleached ramie or hemp to 15 to 25 for 
extra high strength rayon tire cords. It is a convenient 
..parameter for characterizing 'the average length of crystal- 
line areas in cellulose. 

Microcrystalline cellulose is a mechanically disintegrated 
D. P. cellulose. It can be prepared from all forms of natural 
.. celluloses, alkali celluloses, regenerated celluloses, and 
even low D. S. cellulose derivatives. Raw material for 
Avicel. microcrystalline cellulose is a special grade . of high 
alpha purified wood cellulose. 




900 1200 
D.P. 



— 6 0Se ' Relative Size Range of Microcrystalline Cellulose Particles 



Product 

Natural and synthetic 
gums, starches! and 
water soluble 
derivatives 

Mechanically disr 
integrated micro- 
crystalline cellulose 

Pulverized fibrous 
celluloses 

Microcrystalline cellu- 
lose flour 



Appearance 

Transparent or trans- 
lucent aqueous dis- 
persions 

Stable opaque 

aqueous dispersions 

Retains fibrous form; 
two phases in water 

Fine white powder 



Diameters 
5-25 A. 



150-50,000 A. 

(5*) 

40-500 ft, or 
higher 

Few thousand 
A. to over 
IOji • 



1875 
1925 

and 1928 
" 1937 



1941 



1943 



Previous studies of treatment of cellulose with adds 
have had few practical or applied objectives. Most 
of the work has used acid degradation, with moisture 
regain, and electron microscopy to determine the 
original molecular architecture (or fine structure) of 
the fibrous state. 



Some milestones are: 

Girard coined the term, hydrocellulose (73) 

Herzog, and Meyer and Mark postulated the crys- 
talline nature of cellulose (75, 25) 

Staudinger and Sorkin described the dual reaction 
rates of acid attack (39) 

Nickcrson and coworkers spearheaded the use of 
acid-ferric chloride to study structure (30-32) * 

Davidson demonstrated that molecular weight of 
cellulose drops rapidly . upon initial hydrolysis, 
then approaches a plateau (77) 

Many others studied reaction rate phenomena and 
the ratio of crystalline to amorphous regions (3,5,6*, 
9, 70, 72, 76-20,22-24, 26-29 \ 33,35-38). 



Midforties 



1947 



1950 

and 1956 



1962 



This 
article 



Pacsu and coworkers hypothesized a "limit hydro- 
cellulose'* which represented a rock-bottom state, 
resistant to acid degradation (24) 

Battista and Copptck showed that the so-called 
limit hydrocellulose was a reflection of crystalline to 
amorphous ratio, fixed by past history of the cellulose 
(*) 

Battista and coworkers advanced the term, level-off 
. degree of polymerization, and proposed a specific 
definition (above) (3,5) 

Average molecular weight and average length of 
microcrystals have been correlated (5, 23, 28) 

Crystalline nature of cellulose has been substantiated 
by electron microscopy and x-ray diffraction 
analyses (5,16,27,35,36) 

D. A. Zaukelies proposed a new schematic model for 
the crystalline-amorphous concept in nylons 
(Chem. Eng. News, p. 48, 49 (April 16, 1962> 

Proposes a similar folded arrangement ■ of cellulose " 
molecules hinging the crystalline areas and 
amorphous regions together (page 23). Presented 
before the Division of Cellulose, Wood, and Fiber 
Chemistry, 141st Meeting, ACS, Washington, D,C, 
March, 1962 
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NONFIBROUS FLOUR 
CAN BE A CATALYST 
CARRIER OR A "FOOD" 



J. 



jslicrocrystalUne cellulose flour is a very pure form 
0 f cellulose, relatively free -from both organic and in- 
organic contaminants. Its x-ray diffraction diagram 
shows very sharp lines, indicating an unusually high 
degree of crystallinity . 

Density of an individual particle of the flour ap- 
proaches the absolute density for a single cellulose crys- 
tal. Values from 1.539 to 1.545 were determined 
us ing a density gradient procedure. 

Freeze drying produces a very light powder. Com- 
mercial production is by spray drying. Methods such 
as drum drying or oven drying can be and have been 
used. The spray-dried product, however, is an unusually 
fine flour with desirable physical properties. 

One of the results of the spongy structure formed on 
drying is that microcrystalline cellulose will absorb oils 
and fats. Again, method of drying is important; it can 
cause a threefold difference in oil saturation value. 
Commercial product has intermediate absorption char- 
acteristics. Examples of its capacity are given opposite. 

Foods are not the only application of this property. 
Catalysts and reactive chemicals can be applied, car- 
ried on a colloidal solid. Water-soluble dyes can be 
transported into oils and fadike material without 
blooming. It can be an inert and edible substrate for 
vitamins, antibiotics, and essential oils. 



Bulk Density of the Flour Depends on Method of Drying 

Lb./Cu. Ft. 



Freeze dried 

2-Prop anol-washed .„ 

Methanol-washed 

Spray-dried (commercial production) 



9.8 
13.3 
14.0 

16.0-20.0 



Commercial Microcrystalline 

^Molecular weight r {^.Jr^, 
§Moisture, % ^ r^/\ i 
tvOriranic solvent cxtractables, %. 

3~jilcium,.p.p.m. 
^Chlorides, p.p.m 



V>" :■>■ 



^fron, p.p.m. ' -:«S-l vi 
gGapper, p.p.m 

h? Water ,/ 
f#Dilutc alkali "A •><. \ . 

£&/Dilute acid V&.J&p -v 
Organic solvents / ' f.^ 

:$Xbus : ■.-Vl.Oi;" 



Cellulose Flour 
. • *■ ■ ■* 

30,000-50,000: 

•;. ■ ' 5 ■■■ 
■'. < 0.05 

< 0.05 

<40 

<50 

<10 

<4 



Insoluble; disperrible 
Partially soluble; swells 
Insoluble; resistant : ,. 
Insoluble; inert 
Insoluble; inert 



Peanut butter with microcrystalline cellulose flour 

can be sprinkled from a shaker. A convenience in the home, 
this may lead to economies in the food factories of tomorrow.. 

The flour will convert many materials to free-flowing form 
when used in the amounts below. 



Commercial 

Micro- 
crystalline 
Cellulose, 
% 

44.0 

44.8 

50.0 

50.0 

39.0 

39.0 

32.4 





Commercial 






Micro- 






crystalline 






Cellulose, 


Ingredient 


Ingreditnt 


% 


Peanut butter 


23.0 


Maple syrup 


Swiss cheese 


13.8 


Butter 


Cheddar cheese 


20.0 


Lemon oil 


Blue cheese 


36.0 


Orange oil 


Plastic coconut 


20.6 


Com oil 


Molasses 


44.0 


Hydrogenated fat 


Honey 


44.0 


Milk chocolate 
(melted) 




(Continued on next page) 
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COMPRESSED FLOUR — 
FOR TABLETS OR FLAME- 
RESISTANT BOARD 



r 



A structural material so compact that it cannot be 
penetrated by an ordinary nail results when the flour 
is compressed at room temperature and 15,000 p.s.i. 
It has a surprising degree of resistance to an oxyacetylene 
torch (see table, below). 

Extremely strong tablets can be formed of this material 
in normal tableting equipment. Catalysts, essential 
oils, or pharmaceuticals could still be absorbed on' the 
tremendous internal surface of these tablets. 

Compressed tablets break up immediately in liquid 
water, as the hydrogen bonding is destroyed. Freedom 
from amorphous cellulose makes them relatively in- 
sensitive to water vapor. The tablets would therefore 
retain their properties in a humid atmosphere, biit 
instantly release their active .components on contacting 
water. Water resistance can be built in by formulating 
with a protective resin such as an urea formaldehyde. 

Electrical properties of the compressed powder 
structures are very similar to those of vulcanized fiber. 
With protective resin treatment, these properties can 
be maintained at high relative humidities. 



Moisture Pickup Is Lower Than That of Any Other Form of 
Cellulose 



Aft, % 
(77 9 F.) 

15 
45 
58 
81 



(After 48 Hr.) 

2.5 
5.7 
6.0 
6.2 



Compressed Flour Form of Macrocrystalline D.P. Cellulose 
( Without resin treatment) 

Density, Ib./cu. ft. 86-98 

Specific gravity \ , 26-1 . 34 

Thermal conductivity, B.t.u./in. sq. ft. 0 F. hr. 1 .75 

Specific heat, B.t.u./lb. ° F. 0.4 

Power factor, % (58% R.H., 72° F.) 2 . 88 

Power factor of vulcanized fiber (electrical grade), % 6.0 

Dielectric constant (58% R.H., 72° F.) 5.6 

Impact strength, ft.-Ib./in. of notch ^ 1 




STRUCTURAL CELLULOSE- 
FOR HEAT SHIELDS OR 
"MARBLE" SLABS 



An ivory-like material is produced by drying an 
aqueous colloidal gel of D.P. microcrystalline cellulose. 
Structural forms from these dried gels are generally 
superior in physical properties to the compressed flour 
forms. They are more resistant to moisture, although 
they will swell when in prolonged contact with liquid 
water (for several days). They are harder, stronger, and 
denser. An important difference is much better impact 
strength. 

The electrical properties of the dried gel are almost 
identical with the pressed structure and with electrical 
grade vulcanized fiber. Method of manufacture of the 
new material involves only room temperature drying. 
Desired shapes can be molded during production. For 



Cellulose Structures : Haoe Much Greater Heat ' Resistance Than ] 
Asbestos Materials ^ 



. Heat Con- 
. Bulk ductance, 
Density, B.t.u./So. 
Lb./ Ft. 
Product Cu. Ft, ° F. Hr. 
Compressed flour* 86 1.80 

Vr-in, disk 
Transite, Vs in. 112 4 . 50 

Marinitc, */, in. 75-80 
Dried gel struc- .^95 
ture, VWn. 
block* 
*A m.-Steel 



Specific 

bTmJ 
Lb. 9 F. 
0.4 15 (not through) 



Time under, Oxy- 
acetylene Torch, 
Sec* 



7 (through; melts) 
7 (through; melts) 
70 (crater depth, 
^ V« in.) 



5 (Through; melts) 

6600° F. b Dried from 15% mUncryxldiinM cellist g d. . 
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lectrical use, a material similar in electrical properties 
° vulcanized fiber, with some superior physical prop- 
erties, can be manufactured and fabricated much more 

easily- 

Xhe dried gels will withstand an oxyacetylene torch 
three to four times longer than the compressed flour. 
The erosion process is most interesting— ablation involves 
only surface carbonization with an attendant slow 
cr osion. 

Heat conductivity is less than that of the compressed 
flour structure. 

The interior of this block (a dried gel structure) is completely 
unchanged by heat. It was subjected to an oxyacetylene torch 
for 30 seconds, then sawed in half. The sample could be 
handled almost immediately after the flame was removed, 
showing the very low thermal conductivity of the material 




DERIVATIVES OF 
CELLULOSE CAN BE 
COLLOIDAL TOO 



Reaction of the microcrystalline cellulose proceeds 
with particular ease and speed. Derivatives can be 
formed which are also colloidal. These are entirely 
new materials with very different properties and poten- 
tial applications. 

At high degrees of substitution (D.S.) derivatives 
of microcrystalline cellulose are substantially the same 
material as produced from conventional cellulose. At 
low D.S. where the colloidal nature is maintained with 
surface substitution, the derivatives from colloidal dis- 
persions. Dispersions of at least 20% solids in water 
can be produced. These may have the appearance of 
greases, ointments, or lotions, depending on the materials 
present. 

An example of a new type of derivative, microcrystal- 
line carboxymethylcellulose at low D.S. is shown. In 
dispersion at about 20% solids, this is a partly opaque 
nongreasy spreadable ointment with a constancy which 
suggests use as a suntan lotion. It does not remotely 
resemble the stiff conventional gel of CMC shown on 
page 22. The photomicrograph shows the reasons 
for this difference. 

Other derivatives can be prepared Methyl-, ethyl-, 
and hydroxypropylcelluloses with unusual properties 
have been studied. Nitrated D.P. cellulose derivative 
has particularly important potential applications in 
solid rocket propellants; it can be readily made into a 
particulate form with particles in the I -to 3-micron 
range. Properties of all of these materials can be con- 




A low D.S. carboxymethyl derivative of microcrystalline cellulose. 
Instead of a solution of molecular dimensions, the freed microcrystals 
remain substantially unchanged in size. Microfibrils of unhinged but 
unfreed microcrystals also are left intact 



trolled over a wide range by varying degree of sub- 
stitution, the heterogeneity of this substitution, and the 
nature of the topochemically substituted group. 

Microcrystalline D.P. celluloses in flour form exhibit 
an unusual affinity for hydrophobic reactants, including 
catalysts, which is believed to be related to the sub- 
microscopic porosity of the particles. Distribution of 
such active chemicals over such large surface areas of 
cellulose proffers new advantages in preparing cellulose 
derivatives. 

{Continued on next page) 
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Redispersion of the colloidal flour in water gives 
white, opaque gels or creams with functional properties 
which suggest many applications in a variety of in- 
dustries. Some of these are: 

—Gels are .thixotropic and are stable over a period of 
years except at extreme dilution. A moldable gel is 
formed at about 20% solids. Dilution to 10% solids 
produces a pourable cream. 

— The colloidal particles have an electronegative charge. 
— Colloidal dispersions can be used to form extremely 
adherent films and coatings on glass (7). It is possible 
that such a coating on glass fiber would provide a 
cellulosic surface, adapting the fiber to normal textile 
weaving equipment. 

— A similar extremely thin adherent film can be de- 
posited on aluminum. Electrical capacitors could be 
built up, using films a few microcrystals thick. 
— Gels and dispersions possess unusual compatibility with 
emulsions of oils and fats, as well as with sugar. .. 
— A 15% dispersion "of microcrystalline cellulose may 
be sterilized in a closed container for at least one hour 
at 240° F. without any breakdown of the stability of the 
gel. A viscosity increase is usually observed. 
—The addition of emulsified fats or oils as well as the 
addition of significant amounts of sugar to a 15% 
colloidal dispersion of microcrystalline cellulose permits 
these mixtures to be deep-frozen or thawed repeatedly 
without significant breakdown of the gel structure and 
attendant syneresis. Without the presence of other 
components, quick freezing leads to a breakdown of the 
suspensions upon thawing. 

— At high dilutions, they do not disperse to particles 
of molecular dimensions ; the smallest dispersed particles 
are the unit microcrystals which consist of tightly 
packed bundles of several hundred cellulose molecules. 

Viscosity of Dispersions. The solids concentration, 
at the time of the mechanical disintegration step, is a 
major variable in the development of the viscosity and 
the thixotropic properties of gels as well as stable colloidal 
dispersions with microcrystalline D.P. celluloses. 

The optimum solids content to produce maximum 
dispersion will vary with each type of equipment used 
for the mechanical disintegration step. For example, 
40 to 50% solids for a roll mill, 34 to 36% solids for a 
Hobart mixer with solid paddle, 10 to 1 5% for a Waring 
Blendor or an Osterizer, and 10 to 20% for piston-type 
homogenizers. 

As shown in the graph, viscosity of a gel depends on 
attrition equipment, past history of the cellulose, and 
concentration during attrition. 



Effect of PH on Viscosity of 5% Colloidal Dispersion 

Av. Apparent 



pH* Viscosity 

7 8.8 

8 93.4 

9 118.2 

10 148.8 

11 61.1 



By adding NH4OH. Ostwatd aiteomUr. 




30 32 34 36 38 40 
MICROCRYSTALLINE CELLULOSE 
DURING ATTRITION, % 



Tke attrition step must be performed in a rather critical concentration 
range. The dry flour was mixed with water under the conditions shown, 
and viscosities were measured after dilution to 75%. A, commercial 
spray -dried, Hobart , 20 min.; B, never dried, Hobart, 20 min.; C, 
lab. spray-dried, Hobart, 20 min,; D, commercial spray-dried, Mix- 
master, 10 min. 
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Effect of salts on viscosity 
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Effect of Disintegration Time. Mechanical dis- 
integration with time develops varying amounts of true 
colloidal size particle aggregates that are less than 
1 micron in diameter. These are the particles freed 
from the fiber. These particles remain in permanent 
suspension. It is the extent to which they are developed 
which controls the stability and many of the functional 
properties of the resulting colloidal suspensions or gels. 

Microcrystaliine cellulose dispersions or gels retain 
their colloidal stability as long as the mechanical dis- 
integration produces a sufficient amount of the hydrated 
submicron particles to support a continuous gel network. 
Such physical properties of the gels as viscosity, stiff- 
ness, and stability are related to the particle size dis- 
tribution of the gel. At the same solids content, gels 
prepared by means of a Waring Blendor, for example, 
have properties that are different from gels prepared by 
a laboratory Hobart mixer at higher solids content with 
subsequent dilution. Microscopic examination of such 
gels reveals major differences in the size and distribu- 
tion of the visible particles. 

Effect of pH. Data on one of the original colloidal 
dispersions (prepared using a Waring Blendor) show that 
the apparent viscosity of a 5% colloidal dispersion of 



MICROCRYSTALLINE CELLULOSE CAN BE 
USED SAFELY IN FOODS AND COSMETICS 

X-ray diffraction patterns of D.P. celluloses establish 
microcrystaliine cellulose as the purest form of cellulose 
now available. Microcrystaliine cellulose is generally 
recognized as safe by experts. A long history of cel- 
lulose as a vital ingredient in a host of natural foods is 
well recognized, and has been clinically substantiated 
over many years. Celery, cabbage, cereals, and many 
other plant and vegetable foods have varying amounts 
of cellulose in them. It is therefore not an additive 
and, as such, is not subject to the clearance provisions 
of the Food Additives Amendment of 1958. 

Research investigations with Avicel in animals and 
humans were planned at an early stage in the initial 
development. Several phases of these programs have 
been completed and others are still in progress. As 
part of this research program a human clinical investiga- 
tion has been completed (14). No adverse effects 
were found. Both microcrystaliine and natural plant 
cellulose pass through the human body without evidence 
of breakdown. 

BACKGROUND LITERATURE 

' * (t) Alexander, W. J., Goldschmid, O., Mitchell, R. L., Ind. Eng. 

Chem. 49, 1303 (1957). 
. . (2) Battista, O. A., Ind. Eng. Chem., Anal. Ed. 16, 351 (1944). 

(3) Battista, O. A., Ind. Eng. Chbm. 42, 502-7 (1950). 

(4) Battista, O. A., U. S. Patent 3,093,104 (Feb. 27, 1962). 

(5) Battista, O. A., Coppick, S., Howsmon, J. A., Morehcad, 
F. F., Sisson, W. A,, Ind. Eno. Chbm. 48, 333-5 (1956); 
"Fundamentals of High Polymers," pp. 97-113, 1958, Rcinhold. 

(6) Battista, O. A., Coppick, S., Textile Research J. 17, 419-22 
(1947). 

(7) Battista, O. A., Smith, P. A., U. S. Patent 2,978,446 (April 4, 
1961). 



D.P. cellulose reaches a maximum at pH of about 9 to 10. 

Effect of Salts. As might be expected, salts have 
varying influences on the apparent viscosity of colloidal 
dispersions from D.P. celluloses. Interestingly enough, 
if salts are present in the aqueous mixture at the time of 
the mechanical disintegration, the subsequent viscosity 
development is decreased. On the other hand, addition 
of salts, once the stable colloidal gel is produced, usually 
increases the apparent viscosity. . 

Producing the Gel. Dilution of stable colloidal 
dispersions of microcrystaliine cellulose at high solids 
concentrations should be carried out gradually to reduce 
localized over-dilution and a tendency for the agglomera- 
tion of relatively large particles. When mechanical 
disintegration of microcrystaliine cellulose at high solids 
contents is extended for a long time, or when localized . 
over-dilution occurs, reagglomeration of some of the 
particles may take place in the form of spherical masses. 
Such.reagglomerates, because they behave similar to a 
swollen mass of gel, are difficult to redisperse. They 
are receptive to breakdown by commercial homogeniza- 
tion equipment, however. We refer to them as rosettes 
because of their tendency to form rose-shaped particles. 



(8) 'Birtwell, C, Clibbens, D. A., Geake, A., J. Text. Inst. 17, 145 
(1926). 

. (9) Brenner, F. C, Friilette, V., Mark, H., J. Am. Chem. Soe. 
70, 877 (1948). 

(10) . Conrad, C. C, Scroggic, A. G., Ind. Eng. Chem. 37, 592 
(1945). 

(11) Davidson, G. F„ J. Textile Inst. 34, T87-T96 (1943). 

(12) Eisenhut, O., Schwartz, E., Die Chemie 55, 380 (1942). 

(13) Girard, A., Compt. rend. 81, 1105 (1875); Ibid., 88, 1322 
(1879). 

- (14) Hazleton Laboratories, Inc., "Oral Administration of Avicel 

■ Microcrystaliine Cellulose— Humans," Kept. 2/28/62 

- (15) Herzog,R.O.,B«r.58 (1925). 

(liS) . Howsmon, J. A., Textile Research J. 19, 152 (1949). 
. , (17) Jdrgensen, L-, Acta Chem. Scand. 3, 780 (1947). 
_(18) Ibid., 3, 780-2 (1949). 
• (19) Ibid., 4, 185-99 (1950). 

- (20) Ibid., p. 658-65. 

£>(21) Kraemer, E. O., Ind. Eng. Chem. 30, 1200 (1938). 
^ (22) Lovell, E. L., Goldschmid, O., Ibid., 38, 811 (1946). 

(23) Marchessault, R. H., Morehcad, F. F., Walter, N. M., 
Nature 184, 632-3 (August 22, 1959). 

(24) Mehta, P. C, Pacsu, E., Textile Research J. 18, 387 (1948). 

(25) Meyer, K. H., Mark, H. F., Z. Angew. Chem. 41 (1928). 
>{26) Millett, M. A., Moore, W. E., Saeraan, J. F., Ind. Eno. 

Chem. 46, 1493-7 (1954). 
(27) Morehcad, F. F., Textile Research J. 20, 549-53 (1950). 

- , (28) Mukherjee, S. M., Woods, H. J., Biochim. & Biophys. Acta 

10, 499 (1953). 

(29) Nelson, M. L., Tripp, Verne, J. Polymer Sci. 10, 557-86 
(1953). 

-(30) Nickerson, R. F., Ind. Eno. Chem. 33, 1022 (1941). 

(31) Ibid., 34, 1480 (1942). 

(32) Nickerson, R. F., Habrle, J. A., Ind. Eng. Chem. 39, 1507 
(1947). 

(33) Phillipp, H. J., Nelson, M. L., Ziifle, H. M., Textile Research 
J. 17, 585 (1947). 

(34) Purves, C B., in Ott, E., "Cellulose and Cellulose Deriva- 
tives," pp. 90-3, Intersciencc, New York, 1943. 

(35) Ranby, B. G., Discussions Faraday Soc. No. 2, 158-64 (1951). 

- (36) Ranby, B. G., Acta Chem. Scand. 3, 649-650 (1949). 

(37) Roscveare, W. E., Waller, R. C, Wilson, J. N.. Textile 
Research J. 18, 114-23 (1948). 
-(38) Roscveare, W. E., Ind. Eng. Chem. 44, 168-72 (1952). 
—(39) Staudinger, H., Sorkin, M., Ber. 70B, 1565 (1937). 



VOL 54 NO. 9 SEPTEMBER 1 962 29 



4# If & «(B2) 



© ft HP ffi'BI & ft 

fig 63 - 44763 



©Int. CI.* 

C 08 B 15/08 



6779- 4C 



@@2^ft Pg*P63^(1988)9 ^6S 



&58<DS5[ 1 (£1110 



©Hi P A 



®ft a a 

& £ IT 



©& §1 P861 -215601 

@P861( 1986) 9/325B 



®# 19 PS61- 56022 
©ffi IB PS55(1980)12^26B 
@# m PS55- 1893930^10 
©1979^12^ 26B@#B( U S)®107446 

-i/3 y, 7x7-7-f-*K • K 7^f 7" 7 
y • * M - h 35 



7 U 7 K • 7 A 'J 7 



tiisv. d -tf- 7^'J*-&^cB, Vi'Xhv^H, yx;i/hy, ^-ijyfy 

T^fT^-r-f-'-f 7* 'J *£3fcS, 10022,-^-3- 

y^'x h y -X • -f y ji, a--;.7^- 320 
3 - # U - f 7 K 

® Sfc IS 



Z 1 tr «fc <0 o < <bti> 2MSft73#280%UUb 
T?*tu o^fifi^oaK^IKSSffiKieo^&EL 
3t^Wfctl^fiA i 60%J^±-eS>Ox J.o60*CO 1 * 
*«K*TWJD*#JB1c: J:5^fb«WD**<CSFiil 
50jU^t&^*nfc-b^o-XW^ < t ii 2&V>®. 



£>ftT<.>S. &10S *P>0>H&£*rr£*;vp 

-a- p - x<Dit^^tm <o n h z t 

-X#?#6ft&^fck*a£>ftT^S, -tr^a-X 



simmmmx-mm+y mmmommtt 
ixfc<m^t>tix^z>o 

mi$<»l5&Xt>ftZZt#XZZ 0 IfrlK&t, 
Htttofc z ft h oV&tn-fiVkXK -fe jv u - xro/< 
^7**ft£fctofcmoW*{b^M£&gfc1- 

tlfct^P -X^7*£<t¥Wtc:gSI 2< x 

mots k *s i > t t* jftagottizttiKKiii*. 

20 ft 5fiM»#ISOHI«**ttoaS * fcfi8*«£# 



- 13 - 



4$& Bg 63-44763 




- 22 



